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Abstract: Problem statement: The aim of this research was to optimize the perémce of solenoid
valve used in Variable Rate Application System (\JRA term of time response. The overall time
response is usually divided into four parts i.éunger opening time, pressure opening time, plunger
closing time and pressure closing timgproach: The performance and design of the a solenoid valve
used in VRA was analyzed methematically and expamiadly. Voltage, current, pressure, spring
constant, flow rate and mass of the plunger wersdoto be the main parameters affecting the
performance of solenoid valve. Based on the ana)yseme modifications were introduced in the
design of the solenoid valve to enhance its perforce. The newly designed solenoid valve was
tested by varying the main parameters and its padace was compared in terms of time response.
Results: The time respnose of the modified valve showedrawgment. The plunger closing time for
the modified valve improved by 79%. Depending oe thpes of nozzle, the pressure opening and
closing time responses were reduced by 37-53% &rtB% respectively. It was also observed time
response was improved by 34% when springs with i@peng constants are usétbnclusion: After
thorough testing of both the original and propogaldes, it was observed that proposed valve average
performance is faster than the original valve B/ n#&sec or 56%. However, it was also found that it i
mandatory to increase the operating voltage of ggdvalve for the better performance.

Key words. Solenoid valve, precision agriculture, sprayingtsyn, texas industrial remcor, variable
rate application, solenoid valve optimization

INTRODUCTION misapplication of the treatment on targeted anedhis
process, the time delay is combination of time ykela
The field of Agriculture has experienced revolatio associated with transferring the data to sprayysgesn,
with the advancement in electrical and mechanicaspraying system and speed of vehicle and fluid (El-
engineering. Nowadays, Precision Agriculture system Marazkyet al., 2011).
or Variable Rate Application system (VRA) are widel An important factor that must be considered far th
adopted to improve both quality and quantity ofpcro use of VRA is its response time which is the time
yields, eliminate costs of farming process and ek between the emission of the control signal to dettlze
effects of applying fertilizer and pesticide to tbps valve and the effective corresponding change of
(Bowerset al., 2001). For better yield, the crop inputs application rate. This response time depends oerakv
such as fertilizer, pesticides, etc. should be iadpit essential system factors. With higher frequency of
variable application rates by electromechanicalesys.  switching of valve, fine application resolution cae
This variability can be measured by optical sensorachieved. This switching is limited because of jptgls
which provide continuous stream of data to thecharacteristics of the valve (Hokzal., 2000).

controller so that inputs can be varied over sragdhs Solenoid valves are widely used in many fields
throughout the field (Liaghat and Balasundram, 2010whenever fluid flow has to be controlled automdlyca
Ezrinet al., 2010). The wide variety of different designs enables thersi

There are some challenges associated with use ¢d choose a valve optimal for their application.eTh
these sensors such as accuracy of the collected dasolenoid valve switching i.e. opening and closimg,
time required for transferring the data to the gim@  controlled by an electromagnetic force. For operiiray
system, etc. The response time plays a critica¢ rolvalve, it is energized which builds the magnetidi
because any delay in the response may lead tand pulls the plunger against the action of a gprin
Corresponding Author:  Saleh Mufleh Al-Saqer, Department of Agriculturegiereering, College of Food and Agriculture Sciences

King Saud University Riyadh, Saudi Arabia
348




Am. J. Agri. & Bial. i, 6 (3): 348-355, 2011

The dynamic behavior of solenoid valves has beeis Texas Industrial Remcor 2602. The valve wagectli
comprehensively studied by many researchers. Lu anlift type i.e., the coil pulled the plunger to astin the
Jensen (2003) presented a model of the dynamicoil housing acting against the pressure of thaidig
response for a fast-action micro-solenoid valve forplus the spring compression force. The plunger move
pulsed detonation fuel injection. They found thia¢ t 1.24 mm from closed to open state. The diameténef
valve opening lagged by a constant time delay for arifice of the valve was 7.8 mm. The maximum
range of frequencies from 50-110 Hz when excited abperating pressure of the valve was 551.6 kPa §80 p
12 volts. The magnetizing current lags the excitingThe manufacture’s specification for operation
current creating a phase delay at all frequencies. recommends that the voltage, current and maximum

Pohl et al. (2002). developed a semi-empirical pressure should be 12 volts, 0.85 amperes and B&2 k
dynamic simulation model of a fast switching valve. (125 psi) respectively.

The model predicted the valve’s characteristics gor The source of the pressure in this experiment was
wide range of working conditions in the form of the air pushed into the pressure container to ftiee
supply pressure and voltage. The characteristithef |iquid to flow at the desired pressure. Four Asficro
valve that they studied were current fIOWIng thrbug pressure gauges made by Delavan-Delta Inc. werd use
the coil of the solenoid, magnetic flux density ahd o measure the pressure in the test apparatus.\oltg
armature displacement. _ function generator was used to generate the salenoi

Zheng  (2001) presented theoretical —andygve drive signals. A Harrison Laboratories Inc.

experimental study of the dynamic response of 3nanyfactured variable voltage power supply, Model N
cylinder deactivation hardware system. The dynami 09A, was used to supply power for the solenoigezal

response was characterized by a physical model. The voltage applied to the solenoid was measured

Through simulation and expe_r!mental data analys!sWith a Fluke 77 Il multimeter manufactured by Fuk
the effect of operating conditions on the dynamic

response was studied and characterized over a Wi(&orpo_ratlon .USA' In order o obtain the valye @t
range of operating conditions. 0 an input S|gr_1al, pressure transducer was _|Bst§déar
Holtz et al. (2000) evaluated the dynamic responseto the nozzle in each te_sted valve_by drilling itie
of three commercially available sprayer valves uised Vvalve body until reaching the fluid chamber. Two
variable rate applications of fertilizer and pesgs. Pressure transducers (MSP-400-250-P-4-N-1) were use
Also, the study identified the minimum treatmentin this research. The pressure range for this duares is
distances for different ground speeds for eachevalv ~ 0-250 psi, the output from 1-5 volts with 10-30 dpply
Shengchangt al. (2001) developed a mathematical and pressure port using ¥2"NPT threads.
model for a high speed digital valve and identifted For accurate measurements, the pressure
design principles to optimize solenoid valve transducers were installed in the flow path neathto
performance which are: (i) voltage and current &hbe  nozzle. Signals produced by the solenoid valve i.e.
high (24 volts) and low respectively, (ii) magnetic solenoid voltage, pressure and time were captuyed b
material with low conductivity is advantageousj)(ii digital oscilloscope Tektronix Inc. USA (Model: TDS
magnetic path length should be shorter, (iv) Stroke210).
should be smaller to reduce the flow force (v) emting Two different types of nozzles were tested. Three
coils in parallel allows high-speed operation amj) ( orifices having different diameters were used facte
armature mass needs to be smaller for higher aatiefe type of nozzle. The first type i.e. Quick Tee Jefuded
The response time of solenoid valve comprises oQuick Tee Jet TP00015-SS, TP0003-SS and TP0006-SS
plunger and pressure opening and closing time delayand the flow rates of those nozzles are 0.568 L’min
The objectives of this research was to optimize thp 15 GPM), 1.14 L mift (0.3 GPM) and 2.27 L mih
performance Of the Solenoid VaIVe Used in VRA nmEB (06 GPM) respective'y as reported by Spraying

of the time response. Systems Corp. The second type of nozzle was Stream
Jet by NTech Inc. having three different sized ez
MATERIALSAND METHODS These nozzles were made from a Spraying Nozzle

System Co. custom drilled for three orifices by Nfie
The experimental setup included a pressure vesstidustries, Inc. These nozzles were Stream Jet,0163
valve to adjust the pressure, a pressure containétroposed Stream Jet 0360 and Stream Jet 0667 having
connected to the air pressure supply, three salenoifiow rates of 0.617 L mirt (0.163 GPM), 1.36 L mif
valves, four pressure gauges and four fluid vaees (0.360 GPM) and 2.52 L mih (0.667 GPM),
shown in Fig. 1. The solenoid valve used in thseegch  respectively.
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the valves were set to less than half second. Alfter
running any test, cooling time of at least five uias
was provided to keep the temperature low.

It has been noticed from Eq. 1, that the forces
closing the plunger are spring force and fluid éorc
Thus, the spring pushes the plunger toward thécerif
when the coil is discharged. Hence, it was assuiimed
by increasing the spring force, the valve wouldselo
faster and vice versa.

Different pressures in the range of 10 psi to 80 p
én 8 steps were tested. According to Eq. 1, theveval
needs to overcome the spring force to open thegplun
So, speed of opening the valve is inversely progaat
to the spring constant. On the other hand, spring
constant is directly proportional to the speed losing
the valve. Thus, different springs having differspting

Fig. 1: Experimental test bed

Each test was repeated thrice resulting in thre
replicas for each nozzle. The same sets of noxabes
used with both original and proposed valves. THeeva
was set to perform at least three duty cycles befor
taking any measurements on the oscilloscope torensu
its performance. Water was chosen to be the lige&t s
: ; constants were also tested to examine its effect.
in all the experiments, The reduction of mass of plunger was expected to

The Pulse Width Modulation (PWM) technique improve the  plunger’s erfgrmgnce in br(J)th the
uses digital signals as its input to the solendide di P i Th P thg d.F;. i dt
signal is instantaneous and the critical issubagime it Irections. 1hus the modilications were proposed 1o

takes the solenoid valve to actuate i.e., the beteveen reg;f %ft?:e mﬁis eorfv\?cl)ﬂlndg?édrczvﬁ\(/ae{e,lercetgggggngie
when the signal is applied and the valve action i{o pung ;

completed. The PWM procedure requires a very fas ree, because the” ma‘%“et'c field will be not be
sufficient to pull the “new”plunger to open.

response from the solenoid valve to be effective: Th d ol desi finalized
Therefore, solenoid valve dynamics needs to be € neéw or proposed plunger design was finalize

analyzed to improve its performance. Eg. 1 dessribe after. i cqnsidering three modifica}tions. In ~first
mathematical model of the solenoid presented b)|/”nod|f|cat|on, a hole was drilled axially througheth
Shengchangt al. (2001): plunger from the top to the bottom, but not throdig

plunger rubber seat and a piece of metal was used t
o N 2 (1) ~ cover the hole. Second modification was similathte
myrCoyrKyEg Y T, first one except that instead of covering the parigy
d d+y head, a piece of iron as large as the original heasl
inserted inside the plunger to replace the old one.
where m is plunger's mass, d is plunger’s diameterFinally, the third modification was accomplished by
X is plunger’s displacement, ;As plunger's area of jncising grooves on the six sides of the plungdie T
surface subject to pressure; i€ damping coefficient, thjrd modification was found to be better than iearl
K is spring constant, y is variable gap in the dii@  {yo pecause it avoided reducing the mass from the
of _magnet|c flux path, lis pe_rmeab|llty _of free space, topside of the plunger, where the magnetic attoacti
N is number of turns per unit length, iis currantp  oimarily occurs. Also, by incising the sides ofeth
is mass density of fluid. In th"?‘ equation it cae b lunger, the fluid was expected to flow out faster
e esbroun the plunger curing he closing operaton and
resulted in accelerating the closing process. Tdwin

Therefore, in order to move the plunger faster ragfai .
all these forces, the electromagnetic charactesisti designed plunger was reduced from 12.24 gm to 6.53

need to be altered. Hence, increasing the curnetits 9™ and was slightly longer than the original onaisT
solenoid coil will increase the magnetism and will Shortened the gap which plunger needs to cover from
linearly increase the solenoid force. f:losed to open position. As elef:tromagnetlc forge i

The solenoid valve was operated at three levels diversely proportional to the distance between the
voltages i.e. 12 volts, 24 volts and 36 volts. Theobjects, for the same speed, shortening the distanc
temperature of the solenoid coil increases with thévill reduce the traveling time. Figure 2 preserits t
increase in voltage and reduces the current inctlile  dimensions of the original and the proposed plusger
which lower the available push or pull. Thus, iderto and Table 1 presents comparisons between the two
avoid heating of the coil of solenoid, the dutyleyfor ~ designs.
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Fig. 6: Typical simulation waveforms for the inpartd
valve's response

Table 1: Comparison between original and proposatbers

Measurement Original Proposed
Length (in.) 0.965 0.993
Weight (gm.) 12.24 6.530

The process of closing the valve starts when gelta
applied to coil is turned off. After that, the flow
decreases in a linear fashion as the plunger skals
orifice. This operation consumes considerable time
which was expected to be reduced by increasing the
speed of the plunger. Furthermore, during the ahiti
tests of the solenoid valve, it was observed that t
closing time for the same valve varied from onezt®z
to another especiallly the delay increases wheaysugy
with lower flow rate nozzles. The same result was
observed when the original plunger was replacett wit
the proposed one. Thus, to improve plunger's
performance, valve also needs modification in desig

During the process of valve closure, the plunger
seals over the valve seat while the nozzle continue
draining the remaining volume of liquid in the dgvi
between the valve seat and the nozzle. This problasn
more evident at lower flow rates where drainagegak
longer time because the nozzle's orifice was smalle

To reduce the volume after the valve orifice witho
effecting the flow rate of the valve, several
modifications were proposed which led eventualljhie
final design shown in Fig. 3. In this design, a pap
pipe was installed into the valve. This pipe waseited
inside the outlet orifice carrying the flow to thezzle
directly. The volume of the valve was reduced b%678
i.e. from 0.17 in3 to 0.037 in3. The opening arambitlg
of the valve is depicted in Fig. 4 and 5 respebtive

The time corresponding to the valve opening and
closing was divided into following four phases hewn
in Fig. 6:
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« Plunger opening time: The time between applyingTab'e 2: Plunger's opening time variation w.r.tltage for original

voltage to the coil and plunger's movement from valve _ .
the closed position Voltage  Time Voltage Time Voltage Time
p - . ) (volts) (msec) (volts) (msec) (volts) (m sec)
. Pressure opening time: The time betweenlo 27.6 20 7.0 32 5.00
movement of plunger from closed position andi11 18.2 22 7.0 34 5.00
pressure attaining its maximum value ii ﬁ-i gg gi gg g-gg
* Plunger closing time: The time between turning off;¢ 108 o8 51 0 508
the voltage and plunger's movement back to thesg 10.6 30 50

closed position
« Pressure closing time: the time between plunger'dable 3: Plunger opening time average for origiaatl proposed
movement back to closed position and no flow aves

. t of | Average plunger opening
coming out ot nozzle time (m sec) w. r. t. different pressures

RESULTS 30 psi 40 psi 50 psi
Voltage
Several modifications were introduced to enhanC’(VOIts) Original  Proposed Original Proposed Origifaoposed
L . . 2% 13.8 16.2 16,5 26.0 23.0 25.0
the performance of the original solenoid valve used 5, 6.0 6.0 56 7.1 6.5 73
VRA. These modifications resulted in the final ppepd 36 45 4.4 46 47 4.6 5.2

design. Experiments were conducted to analyze andin some cases, 12 volts was not enough to opénatvalve, so then
compare the performance of both original and pregos minimum voltage of operation was considered

splen0|d Va_llvesj Furthermore, the (?ffGCt of us‘mgTabIe 4: Minimum required voltage for operatiorddterent pressure
different springs in _the proposed solenoid valve aigo Minimum operating voltage (volts)
analyzed. For precise measurements, the wavefoisn wa

captured by the oscilloscope in the form of voltagel  Pressure (psi) Original Proposed
time. The sampling period was set to be 2 p sehwvh 18 g-gg 12.88
enabled to track minor changes in the valve 5:230 9.40 1350
performance. 20 10.40 16.25

50 11.00 18.50
Plunger opening time: The solenoid valve was 60 12.00 21.50
operated at voltage range from 10-40 volts. Table 8 ggg 2‘7‘28

summarizes the case of varying voltage on original
valve using 00015 Quick TeeJet Nozzle. Table 3raples: comparison of pressure opening time aeefag different

presents the average of the plunger opening time at nozzles
different level of pressures and voltages for o@djiand Average pressure opening time (m sec)
proposed valves. The average value is taken because . :
. . . Quick Tee Jet stream jet
plunger opening time is independent of the nozzle t
) ) ) ) ) _ Pressure (psi) Original Proposed Original  Proposed
Pressure opening time: Before discussing the time, it 30 4.6 21 4.4 2.8
was important to find effect of pressure on theimiom 40 3.7 18 3.8 2.5
: i i 50 3.4 16 39 2.4
operating voltage of the valve. As mentioned eaitie Average 39 18 w0 o5

Eq. 2 that increasing the pressure is directly priagnal
to electromagnetic force while keeping the other ) _ o
variables constant. In order to measure this efietest ~ Plunger closing time: It was expected that this time
was conducted with both original and modified valve Would remarkably decrease once the plunger's
The results are presented in Table 4 where theegalv Weight is reduced. Besides that, the plunger ofpsin
were operated between 10 and 80 psi with increnwints time was expected to remain same when spraying with
10 psi in each step. At each level, voltage wasemmed ~ different nozzles rather the pressure closing timees
from zero to minimum operating voltage where valve€Xpected to change. Table 6 presented the resltdf
started operating. six nozzles with different pressures.

The comparison of pressure opening time for
different nozzles is presented in Table 5. As geltdoes  Pressure closing time: The plunger seals the outlet
not play any pivotal role in the pressure openingef  orifice to stop the fluid while the cavity betweéme
thus the average results of all voltages was cereit valve seat and nozzle contains some of the fluidisTit
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takes some time for nozzle to discharge the flodnf DISCUSSION
the valve. Therefore, pressure closing time is risely
proportional to the flow rate of the nozzle. Asthe The performance of the original and propsed

proposed design, the volume of the cavity after thesolenoid valves is compared under varying condition
outlet in orifice is reduced from 2.8-0.61 tire., 78%, This section illustrates the improvisions of thegmsed
thus it is expected that pressure closing time Wl solenoid valve for each phase of response time.
reduced in proposed design. However, the pressure
closing time is independent of the voltage. Table 7Plunger openingtime: It is observed from Table 2 that
presents the experimental results. the solenoid valve's performance improves as the
) ) ) applied voltage increases. Furthermore, plungenioge
Spring constant: As mentioned earlier that time significantly decreases as the applied voltEge
performance of plunger also depends on the sefeofio  jncreased. This suggests that delay time can heceed
spring. The experiments suggested that the valeelsh py operating at higher level of voltage in VRA. hi
not be operated at less than 24 volts because pbdr  statement is bolstered by results in Table 3 which
performance at |OW€I‘ V0|tageS. On the Othel‘ hdﬂﬂ, t presents average of the p|unger Opening time 'm]’drft
beSt result was found at 36 VOItS but Solenoid %IV level of pressures and V0|tages for 0rigina| arﬂ:ppsed
ha.Ve some |imitati0ns in terms Of Wire resistanm valves. The p|unger Opening time for Operatingagm
other alternative was to find “better” spring than  of 12 Volts decreases by more than 50% when its
reduce the plunger opening and closing time. Tfius,  operating voltage is doubled. This decreasing facto

different springs were tested at 24 volts and 4U§8g  further increased for high pressures. This trend is
the proposed valve with 0003 Quick Tee Jet nozate a followed as the voltage further increases.

the results are presented in Table 8. Due to the reduction in mass of plunger in the
Table 6: Plunger closing time average at differgméssure for proposed V.alve’ higher voltage was required to dpen
different nozzles plunger while less voltage can keep the plungenopé
Average plunger closing 12 volts of operating voltage, plunger takes 16.2en
time (m sec) w.r.t. different pressures to open which is a long delay. As the minimum targe
30 psi 40 psi 50 ps area in VRA is 12 (width) X 12 (length) inches vehil
Nozzle average operational speed is 15 mph (0.264 in fif)sec
type  Original Proposed Original Proposed Originabpesed ~ Thus a time delay of 16.2 m sec. will result inpgling
000151 14.2 32 14.2 33 13.0 34 the length of 4.2 inches without spraying, whichkes
0003t 14.5 3.5 14.5 3.5 149 34 35% of the target. This result can further detetior
8(1)221 ﬁ'g gé 14312 gé %g g'g when other time delays are added.
036+ 114 28 126 o4 127 24 The modifications made in proposed valve were
06671 13.5 22 13.0 1.9 12.1 1.9 expected to make plunger opening time longer while
T Quick teejet nozzle  stream Jet nozzle closing time shorter. But the experiments proveat th

Table 7: Comparison of pressure closing time fiiedint nozzles plunger opening time Is not increased SImelca ¥

Flow rate Average pressure closing time (m sec) the difference between the two time responses durth

Nozzle decreases as the voltage is increased. At 36 \thks,
type (liters min®) Original Proposed performance of both valves is approximately sanmeisT
00015+ 0.568 52.4 141 it is recommended that proposed valve is operated a
0003t 1.140 141 62 yoltage of 24 volts or higher.
00061t 2.270 4.4 2.8
0163t 0.617 16.7 75
0361 1.360 6.6 39 Pressure opening time: It can be observed from Table
0667+ 2.520 2.2 20 4 that in both the valves, the minimum operatintjage

T Quickteejet nozzle + stream Jet nozzle increases as the pressure increases. However, Gompa
Table 8: Plunger opening and closing time for défe springs the two valves, it is found that original valve riga

Spring Plunger (m sec) Plunger closing Working at lower voltage level as compared to the

Spring Constant opening time time (msec) proposed valve and the difference between two
NN-47 240 4.3 3.4 increases with increase in pressure.
ﬁt’gfaﬁ szz 88'5 23;" It was expected that pressure opening time woelld b
K-64 565 8.4 33 reduced in proposed model because the volume of
0-49 1428 8.5 3.0 proposed valve is reduced by 78%. This is proved by

t Original spring is the spring that comes withtéses remcor valve  experimental results mentioned in Table 5. It is
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noticed that proposed valve takes less time a$imes for different springs having different spring

compared to the orginal valve for both types ofconstants K is very small and may be ignored.

nozzles while working at different votages and

pressures. The pressure opening time is also feand Overall performance: Four sources of time delays are

be independent of voltage and pressure variatidn budiscussed and it is observed that proposed dedign o

dependent on the nozzle type. The comparisoplunger performs better than the original plungealh

presents that proposed vlave performs better thapressures but requires higher voltage to operdtee T

original one by the factor of 53% and 37% for Quickdelays have been decreased in all phases of time

Tee Jet and Stream Jet nozzles respectively. response which simultaneously assures more penfecti
in performance and less wastage of fluid or

Plunger closing time: Similar to plunger opening time, misapplicaiton. The average overall improvement for

this time phase also plays a critical role. Dunahgnger  proposed valve is found to be 22 msec i.e. 50% and

closing time, the valve operates at full capacitjlevit  recommended operating voltage is 24 volts or higher

is needed to be completely closed. The averageggeiun

closing time for the original valve (plunger) wasind CONCLUSION

to be 13.5 m sec. with a standard deviation ohi s=c.

With the average operational speed of 15 mph  This research presented experimental analysiseof t
having target area of 12 (width) x 12 (length) m&h dynamic response of a 2602 Texas Remcor solenoid
this time delay causes 30% area to be sprayed. éitra valve. From the previous studies, it was found that
can be observed from Table 6 that this error can beurrent, pressure, flow rate, spring force and géuts
significantly reduced by the use of proposed plunge mass had effect on the valve’'s performance. After
For all types of nozzles at different pressures andénalysis of existing design of solenoid valve, some
voltages, the proposed valve outperformed the malgi modifications were applied to propose a new design.
valve and the average improvement of 10.6 msec i.élhe original and proposed solenoid valves were
79% is observed. It is also found that plungerinlps operated at different pressures and different dipgra
time is independent of the pressure, voltage orleoz voltages. The proposed valve design was modified to
type. reduce the mass of plunger and the volume of thityca

after the outlet orifice. Plunger's response time
Pressure closing time: This time phase is mainly comprised of plunger opening and closing time, and
dependant on the flow rate of the nozzle. From&ahl pressure opening and closing time delays. Becafise o
it is observed that the performance of proposedydés  the reduction in mass, plunger closing time wasiced
better than the original one for all types of neszllt  significantly  while  opening time remained
also indicates that pressure closing time is irelfgrs approximately same. However, higher voltage was
proportional to the flow rate of nozzle. Howevengt required to open the plunger at higher pressurdake wh
ratio of improvement in proposed valve is not sdare  plunger closing time was found to be independent of
all types of nozzles. This improvement is highdowater  voltage, pressure or flow rate. The reduction ifure
flow rates as compared to higher flow rates. Inof cavity after the outlet orifice helped to redute
comparison of the two types of nozzles, Stream Jgbressure opening and closing time delays. The press
Nozzle provides more improvement as compared telosing time was also found to be dependent offidhe
Quick Tee Jet Nozzle. This might be due to theaeas rate of nozzle. The improvement of 53-37% were
that Stream Jet Nozzle has three orifices as cadpar  observed for pressure closing time for Quick Teedd
Quick Tee Jet Nozzle which has one orifice. TheStream Jet nozzles respectively while improvemant i
improvement of performance for proposed valve ispressure closing time was observed to be in thgeraf
found to be in the range of 55% to 73%. Amonglal t 55-73% depending on the nozzle type. The plunger
phases of time response delay, this phase has shewn closing time was improved by 79% while 34%
highest improvement. The best result among allsygde improvement was obtained by the change of sprihg. T
nozzle is achieved by Quick Tee Jet Nozzle (00015average improvement in overall performance of
where the time delay is reduced from 52.4 to 141 m  proposed solenoid valve is 22 m sec or 56%.

Spring constant: It is observed from Table 8 that a ACKNOWLEDGMENT
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